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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a resin composition for an optical wave guide, 
facilitating a step for forming an optical wave guide, and enabling multilayer wiring by light, and 
further to provide a cured product of the resin composition. 

SOLUTION: This resin composition for the optical wave guide contains (A) a specific carboxy 
group-containing epoxy compound, (B) a compound containing the epoxy group except the 
component (A) and/or an oxetane compound, and (C) a cationic photoinitiator. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The resin constituent for optical waveguides characterized by containing the carboxyl 
group content epoxy compound (A) which is a reactant of the epoxy compound (a) which has at 
least two epoxy groups in a molecule, the compound (b) which has one carboxyl group and two 
hydroxyl groups in a molecule, and a polybasic acid anhydride (c), epoxy group content 
compounds other than the (A) component and/or an oxetane compound (B), and an optical 
cationic initiator (C) [claim 2] The hardened material of the resin constituent for optical 
waveguides according to claim 1 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are general optics and the microoptics field, and relate to 
the resin constituent for optical waveguides which can be used for various optical integrateds 
circuit or optical patchboards etc. which are further used in the field of optical communication or 
optical information processing, and its hardened material. 
[0002] 

[Description of the Prior Art] As for the optical waveguide used in optical information processing 
and the optical-communication field, examination prospers in recent years aiming at integration, 
micrifying, advanced features, and low-pricing. Quartz system optical waveguide has actually 
come to be put in practical use at a part of optical-communication field. Moreover, examination 
of the macromolecule waveguide which can choose the simple producing method using a cheap 
ingredient is also prosperous. For example, the approach using the application, the photosensitive 
giant molecule, or resist of an approach used for semi-conductor processings, such as 
lithography and etching, can be mentioned. Although irradiate ultraviolet rays through a pattern 
film, the approach of removing and forming an unexposed part with solvents etc. is performed in 
the approach of forming a core especially using a photosensitive macromolecule and forming 
waveguide, the production approach is simple and it is suitable for low-pricing It is necessary to 
use a solvent for patternizing, and there is a problem of insurance and an environment. 
Moreover, a problem is in the homogeneity of the core configuration which the transparency of a 
photosensitive macromolecule is inadequate, and absorption loss is high or is produced, and 
repeatability, scattering loss may become high and the optical waveguide in which the waveguide 
property has the engine performance comparable as quartz system optical waveguide is not 
produced. 

[0003] . J L . A 

[Problem(s) to be Solved by the Invention] The technical problem mentioned above is solved, 
and the object of this invention can be patternized in a dilute-alkali water solution, and is to 
offer the resin constituent for optical waveguides with which are simultaneously satisfied of the 
low price which is excellent in workability, and high performance-ization, and its hardened 
material. 
[0004] 

[Means for Solving the Problem] The resin constituent for optical waveguides with which this 
invention person etc. uses a specific carboxyl group content epoxy compound (A) and epoxy 
group content compounds other than the (A) component (B) as a principal component as a result 
of wholeheartedly examination It can patternize [ that a refractive index can be controlled 
somewhat freely by changing a presentation ] by removing an unexposed part with a dilute-alkali 
water solution, It came to complete a header and this invention for excelling in light transmission 
nature, when it applies to the core section and the cladding layer of optical waveguide, and 
excelling in surface smoothness extremely. 

[0005] Namely, this invention (1) In a molecule, at least two epoxy groups The carboxyl group 
content epoxy compound (A) which is a reactant of the epoxy compound (a) which it has, the 
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compound (b) which has one carboxyl group and two hydroxy! groups in a molecule, and a 
polybasic acid anhydride (c), and epoxy group content compounds other than the (A) component 
And/or f it is related with the hardened material of the resin constituent for optical waveguides 
characterized by containing an oxetane compound (B) and an optical cationic initiator (C), and 
the resin constituent for optical waveguides given in (2) and (1). 
[0006] 

[The gestalt of operation of this invention] The resin constituents for optical waveguides of this 
invention are the carboxyl group content epoxy compound (A) which is a reactant of the epoxy 
compound (a) which has at least two epoxy groups in a molecule, the compound (b) which has 
one carboxyl group and two hydroxyl groups in a molecule, and a polybasic acid anhydride (c), 
epoxy group content compounds other than the (A) component and/or an oxetane compound 
(B), and mixture with an optical cationic initiator (C). 

[0007] In this invention, a carboxyl group content epoxy compound (A) is used. A carboxyl group 
content epoxy compound (A) can be obtained by making the epoxy compound (a) which has at 
least two epoxy groups in a molecule, and the compound (b) which has one carboxyl group and 
two hydroxyl groups in a molecule react and subsequently making a polybasic acid anhydride (c) 
react 

[0008] Here as an example of an epoxy compound (a) of having at least two epoxy groups in a 
molecule 3, 4-epoxycyclohexyl methyl ~3, 4-epoxy cyclohexane carboxylate, 3, 4- 
epoxycyclohexyl ethyl -8, 4-epoxy cyclohexane carboxylate, 2-(3, 4-epoxycyclohexyl -5, 5-spiro 
-3, 4-epoxy) cyclohexane-m-dioxane, A bis(3, 4-epoxycyclohexyl) horse mackerel peat a bis(3, 
4-epoxycyclohexyl methyl) horse mackerel peat As the bis(3, 4-epoxycyclohexyl) ether, a bis(3, 
4-epoxycyclohexyl) diethyl siloxane, and a commercial item The Daicel Chemical Industries, Ltd. 
make, such as the SEROKI side 2021 (weight per epoxy equivalent 128-145) and the SEROKI 
side 2080 (weight per epoxy equivalent 190-210), 2 functionality alicyclic epoxy compound, 
EPOLEAD GT-301 (weight per epoxy equivalent 200-220), The Daicel Chemical Industries, Ltd. 
make, such as EPOLEAD GT-401 (weight per epoxy equivalent 210-235), 3 and 4 functionality 
alicyclic epoxy compound, EHPE (weight per epoxy equivalent 170-190, 70-90 degrees C of 
softening temperatures), Alicyclic epoxy compounds, such as the Daicel Chemical Industries, Ltd. 
make, such as EHPEL3150CE, and a solid alicyclic epoxy compound (a-1), The bisphenol A mold 
epoxy resin, a bisphenol female mold epoxy resin, Hydrogenation bisphenol A diglycidyl ether, 
bisphenol hexafluoroacetone diglycidyl ether, Tetra-bromine bisphenol A diglycidyl ether, 1, 3-bis 
(1-(2, 3-epoxy propoxy)-1-trifluoromethyl - 2, 2, and 2-trifluoroethyl) benzene, 1, 4-bis(1-(2, 3- 
epoxy propoxy)-1-trifluoromethyl - 2, 2, and 2-trifluoroethyl) cyclohexyl, A 4 and 4'-bis(2, 3- 
epoxy propoxy) octafluoro biphenyl, Glycidyl ether compounds (a~2), such as a phenol novolak 
mold epoxy resin, a cresol novolak mold epoxy resin, and a tris phenol methane mold epoxy resin, 
etc. can be mentioned. 

[0009] Moreover, as an example of a compound (b) of having one carboxyl group and two 
hydroxyl groups, dimethylol propionic acid, a dimethylol acetic acid, dimethylol butanoic acid, a 
dimethylol valeric acid, a dimethylol caproic acid, etc. can be mentioned into a molecule. 
[0010] Furthermore, as an example of a polybasic acid anhydride (c), a maleic anhydride, a 
succinic anhydride, phthalic anhydride, tetrahydro phthalic anhydride, hexahydro phthalic 
anhydride, methyl hexahydro phthalic anhydride, trimellitic acid, etc. can be mentioned. 
[0011] Making 0.05-0.7Eq of carboxyl groups in the above and a compound (b) react makes 0.1- 
0.5Eq react preferably desirable especially to 1Eq of epoxy groups in the above and an epoxy 
compound (a), (a) It is desirable to make 0.1-1.0Eq of anhydride radicals in a polybasic acid 
anhydride (c) react to 1 Eq of hydroxyl groups in the reactant of a component and the (b) 
component 

[0012] It is desirable to use a catalyst in order to promote a reaction, when making the above, 
the (a) component and the (b) component react. As an example of the catalyst which can be 
used, they are benzyl dimethylamine, methyl triethyl ammoniumchloride, a triphenyl stibine, 
triphenyl phosphine, etc. As a desirable catalyst, triphenyl phosphine can be mentioned 
especially, (a) It is desirable by oxidizing with a peroxide etc. and making triphenyl phosphine 
after reaction termination of a component and the (b) component, and in reaction mixture into 
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triphenyl phosphine oxide to inactivate the catalytic activity of triphenyl phosphine. 
[0013] A diluent can also be used in a reaction. Solvents can be mentioned as an example of the 
diluent which can be used. As an example of solvents, ester, such as lactone, such as ether, 
such as aromatic hydrocarbon, such as ketones, such as ethyl methyl ketone and a 
cyclohexanone, toluene, and a xylene, and a tetrahydrofuran, gamma-butyrolactone, and epsilon- 
caprolactone, ethyl acetate, butyl acetate, carbitol acetate, and butyl-cellosolve acetate, can be 
mentioned. 70-110 degrees C is desirable especially desirable, and reaction temperature is 90- 
100 degrees C. 15 - 35 hours of reaction time are desirable. 

[0014] (a) The reaction temperature of the hydroxyl group in the reactant of a component and 
the (b) component and the anhydride radical in the (c) component has desirable 70-110 degrees 
C, and 5-20 hours of reaction time are desirable. 

[0015] 10-100 are desirable especially desirable, and the acid numbers (mgKOH/g) of the 
carboxyl group content epoxy compound (A) which is an obtained product are 30-80. 200-700 
are desirable especially desirable, and weight per epoxy equivalent is 250-500. 
[0016] In this invention, the epoxy group content compounds and/or oxetane compounds (B) 
other than the (A) component are used. (B) As an example of a component, it is epoxy group 
content compound [, such as the above, an alicyclic epoxy compound (a-1), and a glycidyl ether 
compound (a-2), ] (B-1), 3-ethyl-3-hydroxymethyloxetane, 1, and 4-bis[(3-ethyl-3-OKISETA nil 
methoxy) methyl] benzene and [0017], 
[Formula 1] 

CH 3 - CH 2 x/ CH 2 0 CF 2 -)- O— CH 2 CH 2 - CH 3 



(n^6, 7, 8, 9) 

[0019] Oxetane compounds (B-2), such as a silicon denaturation oxetane compound, etc. can be 
mentioned. 

[0020] An optical cationic initiator (C) is used in this invention. As an example of the optical 
cationic initiator (C) which can be used, if it reacts with an epoxy group by ultraviolet rays, 
although it is good, aromatic series iodonium salt, such as aromatic series sulfonium salt, such as 
aromatic series diazonium salt, such as P-methoxybenzene diazonium hexafluorophosphate, and 
triphenylsulfonium hexafluorophosphate, and diphenyliodonium hexafluorophosphate, aromatic 
series iodosyl salt, an aromatic series sulfoxonium salt, a metallocene compound, etc. will be 
mentioned anything, for example. 

[0021] As an operating rate of the above and (A) - (C) component, among the resin constituent 
for optical waveguides of this invention (A) To the component 100 weight section, the 5 - 200 
weight section is desirable especially desirable, and the (B) component is the 10-100 weight 
section, and receives the total amount 100 weight section of (A)+ (B) component. (C) 0.01 - 10 
weight section is desirable especially desirable, and a component is 0.1 - 5 weight section. 
[0022] In addition, in this invention, when required, optical cationic polymerization accelerators 
(an example, 9, a 10-dimethoxy-2-ethyl-anthracene, 9, 10-diethoxy anthracene, 2-ethyl thioxan 
ton, etc.), a silane coupling agent, a titanium system coupling agent, a flexible grant agent, a 
property modifier, etc. can be added. The property of a resin constituent can be reformed for 
these ingredients independent or by mixing and adding to a principal component. 




<n *?4, 6, 8) 



[0018] 

CFa-f CF 2 -^0— CH. 




CH 2 CH 2 




O 
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[0023] for example, as an example of the silane coupling agent added in order to raise the 
adhesive property of the resin constituent of this invention gamma-aminopropyl trimethoxysilane, 
gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane, 
N-beta-(aminoethyl)-gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-beta- 
(aminoethyl)-gamma-aminopropyl methyl dimethoxysilane, gamma-mercapto 
propyltrimethoxysilane, gamma-mercapto propyl triethoxysilane, Gamma-methacryloxpropyl 
trimethoxy silane, gamma-glycidoxypropyltrimetoxysilane, A N-beta-(N-vinylbenzyl aminoethyl)- 
gamma-aminopropyl trimethoxysilane hydrochloride. Methyl trimetoxysilane, methyl 
triethoxysilane, vinyltriacetoxysilane, Gamma-chloropropyltrimetoxysitane, hexamethyldisilazane, 
gamma-ANIRINO propyltrimethoxysilane, vinyltrimetoxysilane, Octadecyl dimethyl [3- 
(trimethoxysilyl) propyl] ammoniumchloride, gamma-chloropropyl methyl dimethoxysilane, 
gamma-mercaptpropylmethyl dimethoxysilane, Methyltrichlorosilane, vinyltriethoxysilane, gamma- 
methacryloxypropyl tris (2-methoxyethoxy) silane, beta-(3, 4-epoxycyclohexyl) 
ethyltrimethoxysilane, etc. are mentioned. 

[0024] The resin constituent of this invention can mix (A) - (C) component, the aforementioned 
coupling agent, etc., and can be dissolved, and the specified substance can be obtained by 
filtrating in a clean room etc. as occasion demands. 

[0025] As the production approach of the optical waveguide in this invention, a clad is [0026] as 
the example, although it differs a little in the case where the same ultraviolet-rays hardening 
resin as the case where usual macromolecule resin is used, and core material is used. (1) Apply 
resin with a refractive index smaller than the core used as a lower layer clad to the substrate of 
arbitration. Stovipg etc. removes a solvent after spreading. When using ultraviolet-rays hardening 
resin here, it hardens by irradiating ultraviolet rays. 

(2) Through the negative mask which applies the resin constituent of this invention used as a 
core on this, next has a waveguide pattern, irradiate ultraviolet rays and harden them. Then, this 
sample is developed with a dilute-alkali water solution, for example, 3% diethanolamine water 
solution, only the optical exposure section is hardened according to a mask pattern, and a 
waveguide pattern can be produced. 

(3) After that, apply the macromolecule resin or ultraviolet-rays hardening resin for clads on this, 
and harden by solvent clearance or ultraviolet rays. It is more suitable it to be desirable that it is 
the same refractive index as for the clad of the core lateral portion formed in a lower layer clad 
and a list at the end here and the upper part, and to be the same ingredient When ultraviolet- 
rays hardening resin is used for a clad, flattening of the maximum top-face front face can be 
carried out. In this case, what is necessary is to attain multilayer optical wiring, and just to 
repeat (2) and (3), when multilayering. 

[0027] 

[Example] Hereafter, although an example explains this invention still more concretely, this 
invention is not limited to these examples. 

Hydrogenation bisphenol A diglycidyl ether 353g, (Synthetic example 1 of a carboxyl group 
content epoxy compound (A)) 80.4g [ of dimethylol propionic acid ] and triphenyl phosphine 0.8g 
is taught A reaction will be ended, if it reacts at 95 degrees C for about 10 hours and the acid 
number (mgKOH/g) of reaction mixture becomes 0.5 or less. Subsequently, tert-butyl peroxide 
2-ethylhexyl carbonate 0.8g is taught at 80 degrees C. It reacted for about 3 hours, and triphenyl 
phosphine in reaction mixture was oxidized to triphenyl phosphine oxide, subsequently 60g of 
succinic anhydrides was taught at 90 degrees C, it reacted for about 5 hours, and the product 
(A-1) of weight per epoxy equivalent 353 and the acid number (mgKOH/g) 68.3 was obtained. 
[0028] The resin constituent (a) prepared from product [ which were obtained in the example 1 
of example 1 composition ] (A-1)g [ 70 ] and 3, 4-epoxycyclohexyl methyl -3, and 4-epoxy 
cyclohexane carboxylate 20g, bisphenol A diglycidyl ether 10g, and screw [4-(diphenyl sulfonium) 
phenyl] sulfide-screw hexafluorophosphate 3g was prepared. The refractive index after hardening 
of this resin constituent (a) was 1.519 on the wavelength of 589nm. 

[0029] 60g (A-1) of next, products obtained in the synthetic example 1 on the silicon substrate, 
EPOLEAD GT-301(Daicel Chemical Industries, Ltd. make, weight-per-epoxy-equivalent 210, 3 
functionality alicyclic epoxy compound) 5g, 1, 3-screw (1-(2, 3-epoxy propoxy)-1-trifluoromethyl 
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- 2, 2, and 2-trifluoroethyl) The resin constituent (b) prepared from benzene 35g and screw [4- 
(diphenyl sulfonium) phenyl] sulfide-screw hexafluorophosphate 3g It applied with the spin coat, 
ultraviolet rays were irradiated two times 2500 mJ/cm all over the, and the 1 0-micrometer lower 
cladding layer was produced. 

[0030] Next, the above and a resin constituent (a) were applied to the thickness of 5 
micrometers with the spin coat on this lower cladding layer. In addition, the refractive index after 
hardening of a lower cladding layer was 1.491 on the wavelength of 589nm. 
[0031] Next, ultraviolet rays were irradiated through the negative mask which has a waveguide 
pattern, this sample was developed in the diethanolamine water solution 3% after that, and the 
waveguide pattern was produced. Then, on this waveguide pattern and a lower cladding layer, the 
above and a resin constituent (b) were applied to the thickness of 15 micrometers, ultraviolet 
rays are irradiated, and were stiffened, and optical waveguide was produced. The multimode 
channel waveguide which has the core which consists of a hardened material of the resin 
constituent (a) of the lower cladding layer, up cladding layer, and refractive index 1.530 which 
consist of a hardened material of the resin constituent (b) of the refractive index 1.515 after 
hardening by this actuation was producible. It was 0.30 dB/cm, as a result of starting the 
obtained optical waveguide in die length of 5cm and investigating photoconductive wave loss 
using helium-Ne laser light with a wavelength of 633nm. ' 
[0032] 

[Effect of the Invention] Production of the optical waveguide concerning this invention is simple, 
and is a resin constituent with which quality macromolecule optical waveguide is obtained. 
Therefore, the resin constituent for optical waveguides of this invention has the advantageous 
application to the optical waveguide die parts which mass production needs. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This inventions are general optics and the microoptics field, and relate to 
the resin constituent for optical waveguides which can be used for various optical integrateds 
circuit or optical patchboards etc. which are further used in the field of optical communication or 
optical information processing, and its hardened material. 
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PRIOR ART _ 

[Description of the Prior Art] As for the optical waveguide used in optical information processing 
and the optical-communication field, examination prospers in recent years aiming at integration, 
micrifying, advanced features, and low-pricing. Quartz system optical waveguide has actually 
come to be put in practical use at a part of optical-communication field. Moreover, examination 
of the macromolecule waveguide which can choose the simple producing method using a cheap 
ingredient is also prosperous. For example, the approach using the application, the photosensitive 
giant molecule, or resist of an approach used for semi-conductor processings, such as 
lithography and etching, can be mentioned. Although irradiate ultraviolet rays through a pattern 
film, the approach of removing and forming an unexposed part with solvents etc. is performed in 
the approach of forming a core especially using a photosensitive macromolecule and forming 
waveguide, the production approach is simple and it is suitable for low-pricing It is necessary to 
use a solvent for patternizing, and there is a problem of insurance and an environment. 
Moreover, a problem is in the homogeneity of the core configuration which the transparency of a 
photosensitive macromolecule is inadequate, and absorption loss is high or is produced, and 
repeatability, scattering loss may become high and the optical waveguide in which the waveguide 
property has the engine performance comparable as quartz system optical waveguide is not 
produced. 
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EFFECT OF THE INVENTION 

[Effect of the Invention] Production of the optical waveguide concerning this invention is simple, 
and is a resin constituent with which quality macromolecule optical waveguide is obtained. 
Therefore, the resin constituent for optical waveguides of this invention has the advantageous 
application to the optical waveguide die parts which mass production needs. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The technical problem mentioned above is solved, 
and the object of this invention can be patternized in a dilute-alkali water solution, and is to 
offer the resin constituent for optical waveguides with which are simultaneously satisfied of the 
low price which is excellent in workability, and high performanceHzation, and its hardened 
material. 
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MEANS 



[Means for Solving the Problem] The resin constituent for optical waveguides with which this 
invention person etc. uses a specific carboxyl group content epoxy compound (A) and epoxy 
group content compounds other than the (A) component (B) as a principal component as a result 
of wholeheartedly examination It can patternize [ that a refractive index can be controlled 
somewhat freely by changing a presentation ] by removing an unexposed part with a dilute-alkali 
water solution, It came to complete a header and this invention for excelling in light transmission 
nature, when it applies to the core section and the cladding layer of optical waveguide, and 
excelling in surface smoothness extremely. 

[0005] Namely, this invention (1) In a molecule, at least two epoxy groups The carboxyl group 
content epoxy compound (A) which is a reactant of the epoxy compound (a) which it has, the 
compound (b) which has one carboxyl group and two hydroxyl groups in a molecule, and a 
polybasic acid anhydride (c), and epoxy group content compounds other than the (A) component 
And/or, it is related with the hardened material of the resin constituent for optical waveguides 
characterized by containing an oxetane compound (B) and an optical cationic initiator (C) f and 
the resin constituent for optical waveguides given in (2) and (1). 
[0006] 

[The gestalt of operation of this invention] The resin constituents for optical waveguides of this 
invention are the carboxyl group content epoxy compound (A) which is a reactant of the epoxy 
compound (a) which has at least two epoxy groups in a molecule, the compound (b) which has 
one carboxyl group and two hydroxyl groups in a molecule, and a polybasic acid anhydride (c), 
epoxy group content compounds other than the (A) component and/or an oxetane compound 
(B), and mixture with an optical cationic initiator (C). 

[0007] In this invention, a carboxyl group content epoxy compound (A) is used. A carboxyl group 
content epoxy compound (A) can be obtained by making the epoxy compound (a) which has at 
least two epoxy groups in a molecule, and the compound (b) which has one carboxyl group and 
two hydroxyl groups in a molecule react, and subsequently making a polybasic acid anhydride (c) 
react. 

[0008] Here as an example of an epoxy compound (a) of having at least two epoxy groups in a 
molecule 3, 4-epoxycyclohexyl methyl -3, 4-epoxy cyclohexane carboxylate, 3, 4- 
epoxycyclohexyl ethyl -8, 4-epoxy cyclohexane carboxylate, 2-(3, 4-epoxycyclohexyl -5, 5-spiro 
-3, 4-epoxy) cyclohexane-m-dioxane, A bis(3, 4-epoxycyclohexyl) horse mackerel peat, a bis(3, 
4-epoxycyclohexyl methyl) horse mackerel peat, As the bis(3, 4-epoxycyclohexyl) ether, a bis(3, 
4-epoxycyclohexyl) diethyl siloxane, and a commercial item The Daicel Chemical Industries, Ltd. 
make, such as the SEROKI side 2021 (weight per epoxy equivalent 128-145) and the SEROKI 
side 2080 (weight per epoxy equivalent 190-210), 2 functionality alicyclic epoxy compound, 
EPOLEAD GT-301 (weight per epoxy equivalent 200-220), The Daicel Chemical Industries, Ltd. 
make, such as EPOLEAD GT-401 (weight per epoxy equivalent 210-235), 3 and 4 functionality 
alicyclic epoxy compound, EHPE (weight per epoxy equivalent 170-190, 70-90 degrees C of 
softening temperatures), Alicyclic epoxy compounds, such as the Daicel Chemical Industries, Ltd. 
make, such as EHPEL3150CE, and a solid alicyclic epoxy compound (a-1), The bisphenol A mold 
epoxy resin, a bisphenol female mold epoxy resin, Hydrogenation bisphenol A diglycidyl ether, 
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bisphenol hexafluoroacetone diglycidyl ether, Tetra-bromine bisphenol A diglycidyl ether, 1, 3-bis 
(1-(2, 3-epoxy propoxy)-1-trifluoromethyl - 2, 2, and 2-trifluoroethyl) benzene, 1, 4-bis(1-.(2, 3- 
epoxy propoxy)-1-trifluoromethyl - 2, 2, and 2-trifluoroethyl) cyclohexyl, A 4 and 4-bis(2, 3- 
epoxy propoxy) octafluoro biphenyl, Glycidyl ether compounds (a-2), such as a phenol novolak 
mold epoxy resin, a cresol novolak mold epoxy resin, and a tris phenol methane mold epoxy resin, 
etc. can be mentioned. 

[0009] Moreover, as an example of a compound (b) of having one carboxyl group and two 
hydroxyl groups, dimethylol propionic acid, a dimethylol acetic acid, dimethylol butanoic acid, a 
dimethylol valeric acid, a dimethylol caproic acid, etc. can be mentioned into a molecule. 
[0010] Furthermore, as an example of a polybasic acid anhydride (c), a maleic anhydride, a 
succinic anhydride, phthalic anhydride, tetrahydro phthalic anhydride, hexahydro phthalic 
anhydride, methyl hexahydro phthalic anhydride, trimellitic acid, etc. can be mentioned. 
[0011] Making 0.05-0.7Eq of carboxyl groups in the above and a compound (b) react makes 0.1- 
0.5Eq react preferably desirable especially to 1Eq of epoxy groups in the above and an epoxy 
compound (a), (a) It is desirable to make 0.1-1.0Eq of anhydride radicals in a polybasic acid 
anhydride (c) react to 1Eq of hydroxyl groups in the reactant of a component and the (b) 
component 

[0012] It is desirable to use a catalyst, in order to promote a reaction, when making the above, 
the (a) component, and the (b) component react As an example of the catalyst which can be 
used, they are benzyl dimethylamine, methyl triethyl ammoniumchloride, a triphenyl stibine, 
triphenyl phosphine, etc. As a desirable catalyst, triphenyl phosphine can be mentioned 
especially, (a) It is desirable by oxidizing with a peroxide etc. and making triphenyl phosphine 
after reaction termination of a component and the (b) component, and in reaction mixture into 
triphenyl phosphine oxide to inactivate the catalytic activity of triphenyl phosphine. 
[0013] A diluent can also be used in a reaction. Solvents can be mentioned as an example of the 
diluent which can be used. As an example of solvents, ester, such as lactone, such as ether, 
such as aromatic hydrocarbon, such as ketones, such as ethyl methyl ketone and a 
cyclohexanone, toluene, and a xylene, and a tetrahydrofuran, gamma-butyrolactone, and epsilon- 
caprolactone, ethyl acetate, butyl acetate, carbitol acetate, and butyl-cellosolve acetate, can be 
mentioned. 70-110 degrees C is desirable especially desirable, and reaction temperature is 90- 
100 degrees C. 15-35 hours of reaction time are desirable. 

[0014] (a) The reaction temperature of the hydroxyl group in the reactant of a component and 
the (b) component and the anhydride radical in the (c) component has desirable 70-110 degrees 
C, and 5-20 hours of reaction time are desirable. 

[0015] 10-100 are desirable especially desirable, and the acid numbers (mgKOH/g) of the 
carboxyl group content epoxy compound (A) which is an obtained product are 30-80. 200-700 
are desirable especially desirable, and weight per epoxy equivalent is 250-500. 
[0016] In this invention, the epoxy group content compounds and/or oxetane compounds (B) 
other than the (A) component are used. (B) As an example of a component, it is epoxy group 
content compound [, such as the above, an alicyclic epoxy compound (a-1), and a glycidyl ether 
compound (a-2), ] (B-1), 3-ethyl-3-hydroxymethyloxetane, 1, and 4-bis[(3-ethyl-3-OKISETA nil 
methoxy) methyl] benzene and [0017], 
[Formula 1] 
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[0019] Oxetane compounds (B-2), such as a silicon denaturation oxetane compound, etc. can be 
mentioned. 

[0020] An optical cationic initiator (C) is used in this invention. As an example of the optical 
cationic initiator (C) which can be used, if it reacts with an epoxy group by ultraviolet rays, 
although it is good, aromatic series iodonium salt, such as aromatic series sulfonium salt, such as 
aromatic series diazonium salt, such as P-methoxybenzene diazonium hexafluorophosphate, and 
triphenylsulfonium hexafluorophosphate, and diphenyliodonium hexafluorophosphate, aromatic 
series iodosyl salt, an aromatic series sulfoxonium salt, a metallocene compound, etc. will be 
mentioned anything, for example. 

[0021] As an operating rate of the above and (A) - (C) component, among the resin constituent 
for optical waveguides of this invention (A) To the component 100 weight section, the 5 - 200 
weight section is desirable especially desirable, and the (B) component is the 10-100 weight 
section, and receives the total amount 100 weight section of (A)+ (B) component. (C) 0.01 - 10 
weight section is desirable especially desirable, and a component is 0.1 - 5 weight section. 
[0022] In addition, in this invention, when required, optical cationic polymerization accelerators 
(an example, 9, a 10-dimethoxy-2-ethyl-anthracene, 9, 10-diethoxy anthracene, 2-ethyl thioxan 
ton, etc.), a silane coupling agent, a titanium system coupling agent, a flexible grant agent, a 
property modifier, etc. can be added. The property of a resin constituent can be reformed for 
these ingredients independent or by mixing and adding to a principal component. 
[0023] for example, as an example of the silane coupling agent added in order to raise the 
adhesive property of the resin constituent of this invention gamma-aminopropyl trimethoxysilane, 
gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane, 
N-beta-(aminoethyl)-gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-beta- 
(aminoethyl)-gamma-aminopropyl methyl dimethoxysilane, gamma-mercapto 
propyltrimethoxysilane, gamma-mercapto propyl triethoxysilane, Gamma-methacryloxpropyl 
trimethoxy silane, gamma-glycidoxypropyltrimetoxysilane, A N-beta-(N-vinylbenzyl aminoethyl)- 
gamma-aminopropyl trimethoxysilane hydrochloride, Methyl trimetoxysilane, methyl 
triethoxysilane, vinyltriacetoxysilane, Gamma-chloropropyltrimetoxysilane, hexamethyldisilazane, 
gamma-ANIRINO propyltrimethoxysilane, vinyltrimetoxysilane, Octadecyl dimethyl [3- 
(trimethoxysilyl) propyl] ammoniumchloride, gamma-chloropropyl methyl dimethoxysilane, 
gamma-mercaptpropylmethyl dimethoxysilane, Methyltrichlorosilane, vinyltriethoxysilane, gamma- 
methacryloxypropyl tris (2-methoxyethoxy) silane, beta-(3, 4-epoxycyclohexyl) 
ethyltrimethoxysilane, etc. are mentioned. 

[0024] The resin constituent of this invention can mix (A) - (C) component, the aforementioned 
coupling agent, etc., and can be dissolved, and the specified substance can be obtained by 
filtrating in a clean room etc. as occasion demands. 

[0025] As the production approach of the optical waveguide in this invention, a clad is [0026] as 
the example, although it differs a little in the case where the same ultraviolet-rays hardening 
resin as the case where usual macromolecule resin is used, and core material is used. (1) Apply 
resin with a refractive index smaller than the core used as a lower layer clad to the substrate of 
arbitration. Stoving etc. removes a solvent after spreading. When using ultraviolet-rays hardening 
resin here, it hardens by irradiating ultraviolet rays. 

(2) Through the negative mask which applies the resin constituent of this invention used as a 
core on this, next has a waveguide pattern, irradiate ultraviolet rays and harden them. Then, this 
sample is developed with a dilute-alkali water solution, for example, 3% diethanolamine water 
solution, only the optical exposure section is hardened according to a mask pattern, and a 
waveguide pattern can be produced. 
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(3) After that apply the macromolecule resin or ultraviolet-rays hardening resin for clads on this, 
and harden by solvent clearance or ultraviolet rays. It is more suitable it to be desirable that it is 
the same refractive index as for the clad of the core lateral portion formed in a lower layer clad 
and a list at the end here and the upper part, and to be the same ingredient When ultraviolet- 
rays hardening resin is used for a clad, flattening of the maximum top-face front face can be 
carried out In this case, what is necessary is to attain multilayer optical wiring, and just to 
repeat (2) and (3), when multilayering. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] The resin constituent for optical waveguides with which this 
invention person etc. uses a specific carboxyl group content epoxy compound (A) and epoxy 
group content compounds other than the (A) component (B) as a principal component as a result 
of wholeheartedly examination It can patternize [ that a refractive index can be controlled 
somewhat freely by changing a presentation ] by removing an unexposed part with a dilute-alkali 
water solution, It came to complete a header and this invention for excelling in light transmission 
nature, when it applies to the core section and the cladding layer of optical waveguide, and 
excelling in surface smoothness extremely. 

[0005] Namely, this invention (1) In a molecule, at least two epoxy groups The carboxyl group 
content epoxy compound (A) which is a reactant of the epoxy compound (a) which it has, the 
compound (b) which has one carboxyl group and two hydroxyl groups in a molecule, and a 
polybasic acid anhydride (c), and epoxy group content compounds other than the (A) component 
And/or, it is related with the hardened material of the resin constituent for optical waveguides 
characterized by containing an oxetane compound (B) and an optical cationic initiator (C), and 
the resin constituent for optical waveguides given in (2) and (1). 
[0006] 

[The gestalt of operation of this invention] The resin constituents for optical waveguides of this 
invention are the carboxyl group content epoxy compound (A) which is a reactant of the epoxy 
compound (a) which has at least two epoxy groups in a molecule, the compound (b) which has 
one carboxyl group and two hydroxyl groups in a molecule, and a polybasic acid anhydride (c), 
epoxy group content compounds other than the (A) component and/or an oxetane compound 
(B), and mixture with an optical cationic initiator (C). 

[0007] In this invention, a carboxyl group content epoxy compound (A) is used. A carboxyl group 
content epoxy compound (A) can be obtained by making the epoxy compound (a) which has at 
least two epoxy groups in a molecule, and the compound (b) which has one carboxyl group and 
two hydroxyl groups in a molecule react, and subsequently making a polybasic acid anhydride (c) 
react 

[0008] Here as an example of an epoxy compound (a) of having at least two epoxy groups in a 
molecule 3, 4-epoxycyclohexyl methyl -3, 4-epoxy cyclohexane carboxylate, 3, 4- 
epoxycyclohexyl ethyl -8, 4-epoxy cyclohexane carboxylate, 2-(3, 4-epoxycyclohexyl -5, 5-spiro 
-3, 4-epoxy) cyclohexane-m-dioxane, A bis(3, 4-epoxycyclohexyl) horse mackerel peat a bis(3, 
4-epoxycyclohexyl methyl) horse mackerel peat As the bis(3, 4-epoxycyclohexyl) ether, a bis(3, 
4-epoxycyclohexyl) diethyl siloxane, and a commercial item The Daicel Chemical Industries, Ltd. 
make, such as the SEROKI side 2021 (weight per epoxy equivalent 128-145) and the SEROKI 
side 2080 (weight per epoxy equivalent 190-210), 2 functionality alicyclic epoxy compound, 
EPOLEAD GT-301 (weight per epoxy equivalent 200-220), The Daicel Chemical Industries, Ltd. 
make, such as EPOLEAD GT-401 (weight per epoxy equivalent 210-235), 3 and 4 functionality 
alicyclic epoxy compound, EHPE (weight per epoxy equivalent 170-190, 70-90 degrees C of 
softening temperatures), Alicyclic epoxy compounds, such as the Daicel Chemical Industries, Ltd. 
make, such as EHPEL3150CE, and a solid alicyclic epoxy compound (a-1), The bisphenol A mold 
epoxy resin, a bisphenol female mold epoxy resin, Hydrogenation bisphenol A diglycidyl ether, 
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bisphenol hexafluorbacetone diglycidyl ether, Tetra-bromine bisphenol A diglycidyl ether, 1, 3-bis 
(1-(2, 3-epoxy propoxy)-1-trifluoromethyl - 2, 2 t and 2-trifluoroethyl) benzene, 1, 4-bis(1-(2, 3- 
epoxy propoxy)-1-trifluoromethyl - 2, 2, and 2-trifluoroethyl) cyclohexyl, A 4 and 4'-bis(2, 3- 
epoxy propoxy) octafluoro biphenyl, Glycidyl ether compounds (a-2), such as a phenol novolak 
mold epoxy resin, a cresol novolak mold epoxy resin, and a tris phenol methane mold epoxy resin, 
etc. can be mentioned. 

[0009] Moreover, as an example of a compound (b) of having one carboxyl group and two 
hydroxyl groups, dimethylol propionic acid, a dimethylol acetic acid, dimethylol butanoic acid, a 
dimethylol valeric acid, a dimethylol caproic acid, etc. can be mentioned into a molecule. 
[0010] Furthermore, as an example of a polybasic acid anhydride (c), a maleic anhydride, a 
succinic anhydride, phthalic anhydride, tetrahydro phthalic anhydride, hexahydro phthalic 
anhydride, methyl hexahydro phthalic anhydride, trimellitic acid, etc. can be mentioned. 
[0011] Making 0.05~0.7Eq of carboxyl groups in the above and a compound (b) react makes 0.1- 
0.5Eq react preferably desirable especially to 1Eq of epoxy groups in the above and an epoxy 
compound (a), (a) It is desirable to make 0.1~1.0Eq of anhydride radicals in a polybasic acid 
anhydride (c) react to 1Eq of hydroxyl groups in the reactant of a component and the (b) 
component. 

[0012] It is desirable to use a catalyst, in order to promote a reaction, when making the above, 
the (a) component, and the (b) component react As an example of the catalyst which can be 
used, they are benzyl dimethylamine, methyl triethyl ammoniumchloride, a triphenyl stibine, 
triphenyl phosphine, etc. As a desirable catalyst, triphenyl phosphine can be mentioned 
especially, (a) It is desirable by oxidizing with a peroxide etc. and making triphenyl phosphine 
after reaction termination of a component and the (b) component, and in reaction mixture into 
triphenyl phosphine oxide to inactivate the catalytic activity of triphenyl phosphine. 
[0013] A diluent can also be used in a reaction. Solvents can be mentioned as an example of the 
diluent which can be used. As an example of solvents, ester, such as lactone, such as ether, 
such as aromatic hydrocarbon, such as ketones, such as ethyl methyl ketone and a 
cyclohexanone, toluene, and a xylene, and a tetrahydrofuran, gamma-butyrolactone, and epsilon- 
caprolactone, ethyl acetate, butyl acetate, carbitol acetate, and butyl-cellosolve acetate, can be 
mentioned. 70-110 degrees C is desirable especially desirable, and reaction temperature is 90- 
100 degrees C. 15-35 hours of reaction time are desirable. 

[0014] (a) The reaction temperature of the hydroxyl group in the reactant of a component and 
the (b) component and the anhydride radical in the (c) component has desirable 70-110 degrees 
C, and 5-20 hours of reaction time are desirable. 

[0015] 10-100 are desirable especially desirable, and the acid numbers (mgKOH/g) of the 
carboxyl group content epoxy compound (A) which is an obtained product are 30-80. 200-700 
are desirable especially desirable, and weight per epoxy equivalent is 250-500. 
[0016] In this invention, the epoxy group content compounds and/or oxetane compounds (B) 
other than the (A) component are used. (B) As an example of a component, it is epoxy group 
content compound [, such as the above, an alicyclic epoxy compound (a-1), and a glycidyl ether 
compound (a-2), ] (B-1), 3-ethyl-3-hydroxymethyloxetane, 1, and 4-bis[(3-ethyl-3-OKISETA nil 
methoxy) methyl] benzene and [0017]. 
[Formula 1] 
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[0019] Oxetane compounds (B-2), such as a silicon denaturation oxetane compound, etc. can be 
mentioned. 

[0020] An optical cationic initiator (C) is used in this invention. As an example of the optical 
cationic initiator (C) which can be used t if it reacts with an epoxy group by ultraviolet rays, 
although it is good, aromatic series iodonium salt, such as aromatic series sulfonium salt, such as 
aromatic series diazonium salt, such as P-methoxybenzene diazonium hexafluorophosphate, and 
triphenylsulfonium hexafluorophosphate, and diphenyliodonium hexafluorophosphate, aromatic 
series iodosyl salt, an aromatic series sulfoxonium salt, a metallocene compound, etc. will be 
mentioned anything, for example. 

[0021] As an operating rate of the above and (A) - (C) component, among the resin constituent 
for optical waveguides of this invention (A) To the component 100 weight section, the 5 - 200 
weight section is desirable especially desirable, and the (B) component is the 10-100 weight 
section, and receives the total amount 100 weight section of (A)+ (B) component. (C) 0.01 - 10 
weight section is desirable especially desirable, and a component is 0.1 - 5 weight section. 
[0022] In addition, in this invention, when required, optical cationic polymerization accelerators 
(an example, 9, a 10-dimethoxy-2-ethyl-anthracene, 9, 10-diethoxy anthracene, 2-ethyl thioxan 
ton, etc.), a silane coupling agent, a titanium system coupling agent, a flexible grant agent, a 
property modifier, etc. can be added. The property of a resin constituent can be reformed for 
these ingredients independent or by mixing and adding to a principal component. 
[0023] for example, as an example of the silane coupling agent added in order to raise the 
adhesive property of the resin constituent of this invention gamma-aminopropyl trimethoxysilane, 
gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-gamma-aminopropyl trimethoxysilane, 
N-beta-(aminoethyl)-gamma-aminopropyl triethoxysilane, N-beta-(aminoethyl)-beta- 
(aminoethyl)-gamma-aminopropyl methyl dimethoxysilane, gamma-mercapto 
propyltrimethoxysilane, gamma-mercapto propyl triethoxysilane, Gamma-methacryloxpropyl 
trimethoxy silane, gamma-glycidoxypropyltrimetoxysilane, A N-beta-(N-vinylbenzyl aminoethyl)- 
gamma-aminopropyl trimethoxysilane hydrochloride, Methyl trimetoxysilane, methyl 
triethoxysilane, vinyltriacetoxysilane, Gamma-chloropropyltrimetoxysilane, hexamethyldisilazane, 
gamma-ANlRINO propyltrimethoxysilane, vinyltrimetoxysilane, Octadecyl dimethyl [3- 
(trimethoxysilyl) propyl] ammoniumchloride, gamma-chloropropyl methyl dimethoxysilane, 
gamma-mercaptpropylmethyl dimethoxysilane, Methyltrichlorosilane, vinyltriethoxysilane, gamma- 
methacryloxypropyl tris (2-methoxyethoxy) silane, beta-(3, 4-epoxycyclohexyl) 
ethyltrimethoxysilane, etc. are mentioned. 

[0024] The resin constituent of this invention can mix (A) - (C) component, the aforementioned 
coupling agent, etc., and can be dissolved, and the specified substance can be obtained by 
filtrating in a clean room etc. as occasion demands. 

[0025] As the production approach of the optical waveguide in this invention, a clad is [0026] as 
the example, although it differs a little in the case where the same ultraviolet-rays hardening 
resin as the case where usual macromolecule resin is used, and core material is used. (1) Apply 
resin with a refractive index smaller than the core used as a lower layer clad to the substrate of 
arbitration. Stoving etc. removes a solvent after spreading. When using ultraviolet-rays hardening 
resin here, it hardens by irradiating ultraviolet rays. 

(2) Through the negative mask which applies the resin constituent of this invention used as a 
core on this, next has a waveguide pattern, irradiate ultraviolet rays and harden them. Then, this 
sample is developed with a dilute-alkali water solution, for example, 3% diethanolamine water 
solution, only the optical exposure section is hardened according to a mask pattern, and a 
waveguide pattern can be produced. 
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(3) After that apply the macromolecule resin or ultraviolet-rays hardening resin for clads on this, 
and harden by solvent clearance or ultraviolet rays. It is more suitable it to be desirable that it is 
the same refractive index as for the clad of the core lateral portion formed in a lower layer clad 
and a list at the end here and the upper part, and to be the same ingredient When ultraviolet- 
rays hardening resin is used for a clad, flattening of the maximum top-face front face can be 
carried out In this case, what is necessary is to attain multilayer optical wiring, and just to 
repeat (2) and (3), when multilayering. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 

[Example] Hereafter, although an example explains this invention still more concretely, this 
invention is not limited to these examples. 

Hydrogenation bisphenol A diglycidyl ether 353g, (Synthetic example 1 of a carboxyl group 
content epoxy compound (A)) 80.4g [ of dimethylol propionic acid ] and triphenyl phosphine 0.8g 
is taught A reaction will be ended, if it reacts at 95 degrees C for about 10 hours and the acid 
number (mgKOH/g) of reaction mixture becomes 0.5 or less. Subsequently, tert-butyl peroxide 
2-ethylhexyl carbonate 0.8g is taught at 80 degrees C. It reacted for about 3 hours, and triphenyl 
phosphine in reaction mixture was oxidized to triphenyl phosphine oxide, subsequently 60g of 
succinic anhydrides was taught at 90 degrees C, it reacted for about 5 hours, and the product 
(A-1) of weight per epoxy equivalent 353 and the acid number (mgKOH/g) 68.3 was obtained. 
[0028] The resin constituent (a) prepared from product [ which were obtained in the example 1 
of example 1 composition ] (A-1)g [ 70 ] and 3, 4-epoxycyclohexyl methyl -3, and 4-epoxy 
cyclohexane carboxylate 20g, bisphenol A diglycidyl ether 10g, and screw [4-(diphenyl sulfonium) 
phenyl] sulfide-screw hexafluorophosphate 3g was prepared. The refractive index after hardening 
of this resin constituent (a) was 1.519 on the wavelength of 589nm. 

[0029] 60g (A-1) of next, products obtained in the synthetic example 1 on the silicon substrate, 
EPOLEAD GT-301(Daicel Chemical Industries, Ltd. make, weight-per-epoxy-equivalent 210, 3 
functionality alicyclic epoxy compound) 5g, 1, 3-screw (1-(2, 3-epoxy propoxy)-1-trifluoromethyl 
- 2, 2, and 2-trifluoroethyl) The resin constituent (b) prepared from benzene 35g and screw [4- 
(diphenyl sulfonium) phenyl] sulfide-screw hexafluorophosphate 3g It applied with the spin coat 
ultraviolet rays were irradiated two times 2500 mJ/cm all over the, and the 10-micrometer lower 
cladding layer was produced. 

[0030] Next, the above and a resin constituent (a) were applied to the thickness of 5 
micrometers with the spin coat on this lower cladding layer. In addition, the refractive index after 
hardening of a lower cladding layer was 1.491 on the wavelength of 589nm. 

[0031] Next, ultraviolet rays were irradiated through the negative mask which has a waveguide 
pattern, this sample was developed in the diethanolamine water solution 3% after that, and the 
waveguide pattern was produced. Then, on this waveguide pattern and a lower cladding layer, the 
above and a resin constituent (b) were applied to the thickness of 15 micrometers, ultraviolet 
rays are irradiated, and were stiffened, and optical waveguide was produced. The multimode 
channel waveguide which has the core which consists of a hardened material of the resin 
constituent (a) of the lower cladding layer, up cladding layer, and refractive index 1.530 which 
consist of a hardened material of the resin constituent (b) of the refractive index 1.515 after 
hardening by this actuation was producible. It was 0.30 dB/cm, as a result of starting the 
obtained optical waveguide in die length of 5cm and investigating photoconductive wave loss 
using helium-Ne laser light with a wavelength of 633nm. 



[Translation done.] 
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